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Abstract:  One  of  the  most  valuable  instruments  for  gem  identification  is  the  refractometer.  The  standard  refractom-­
eter  is  based  on  visible  light,  but  a  first  generation  infrared  refractometer  is  out  on  the  market.  This  new  refractome-­
ter  has  not  showed  accurate  values,  and  therefore  the  purpose  of  this  project  has  been  to  test  different  parameters  
and  see  their  influence  on  the  results.  The  temperature  seem  to  have  certain  influence  on  the  result,  whereas  the  cut  
of  the  stone  does  not.  Most  likely,  when  calibrating  the  instrument,  the  manufacturer  took  into  account  that  there  is  
a  difference  in  wavelength  between  visible  light  and  infrared  light,  and  thus  the  algorithm  which  is  used  should  be  
correct.  Since  the  manufacturer  now  has  replaced  one  of  the  calibration  stones,  the  one  with  RI  =  1.470,  with  a  cali-­
bration  stone  with  RI  =  1.4875,  the  fact  that  my  instrument  was  calibrated  with  a  stone  with  lower  RI  could  be  the  
reason  for  obtaining  inaccurate  values.  
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Sammanfattning:  En  av  de  mest  användbara  instrumenten  för  identifiering  av  ädelstenar  är  refraktometern.  Stan-­
dardrefraktometern  är  baserad  på  synligt  ljus,  men  en  första  generationens  infraröd  refraktometer  är  ute  på  mark-­
naden.  Den  här  nya  refraktometern  har   inte  visat   rätt  värden  och  därför  är  syftet  med  detta  projekt  att   testa  olika  
parametrar  och  se  deras  påverkan  på  resultaten.  Temperaturen  verkar  ha  en  viss  påverkan  på  resultatet,  medan  hur  
stenen  är  slipad  inte  tycks  ha  någon  påverkan  på  resultatet.  Troligtvis  tog  tillverkaren  vid  kalibrering  av  instrumen-­
tet  hänsyn   till  att  där  är  en  skillnad   i  våglängd  mellan  synligt   ljus  och   infrarött   ljus,  och  därför  borde  algoritmen  
som  används  vara  korrekt.  Eftersom  tillverkaren  nu  har  ersatt  en  av  kalibreringsstenarna,  den  med  RI  =  1.470,  med  
en  kalibreringssten  med  RI  =  1.4875,  kan  det  faktum  att  min  mätare  kalibrerades  med  en  sten  med  lägre  RU  vara  
anledningen  till  att  fel  värden  fås.  
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1    Introduction  
One  of  the  most  valuable  instruments  for  gem  identifi-­
cation  is  the  refractometer.  The  basis  of  this  instrument  
is  to  identify  the  RI  (Refractive  Index)  of  a  gemstone,  
which   is   characteristic   for   a   specific   gemstone.   A  
standard  refractometer  has  an  approximate  range  of  RI  
=  1.30-­1.80  and  uses  a  refractive  fluid  to  create  contact  
between   the   gemstone   and   the   instrument   (Babcock  
2012).  
          A   first   generation   infrared   refractometer   is   out   on  
the  market.   It  has  a  wider   range  (RI  =  1.30-­2.99)  and  
does  not  need  the  use  of  refractive  fluid  (Opticsfactory  
2013).  All   in  all,   the  new   instrument  appears   to  be  of  
great  use  and  an   improvement  on   the  old   refractome-­
ter.   The   problem   is   that   you   do   not   obtain   accurate  
values.  
          Therefore   the   purpose   of   this   thesis   is   to,   through  
testing  gemstones  with  both  the  standard  refractometer  
(Link  RHG  -­  181,  see  Fig.  1.),  and  with  the  first  gener-­
ation  infrared  refractometer  (Digital  Gem  Refractome-­
ter,  see  Fig.  2.),  see  how  temperature  and  cut  can  affect  
the  results  with  the  first  generation  infrared  refractom-­
eter.  
  
  
2   Background  
2.1   The  standard  refractometer  
In  the  rear  of  the  device,  there  is  an  opening  to  which  a  
light   source   is   applied.  The   light   hits   a  mirror   which  
sends  the  light  to  the  center  of  a  hemicylinder  made  of  
high  refractive  glass  (usually  N-­LaSF  made  by  Schott,  
ZLWK5,§DQGDKDUGQHVVRIDERXWRQ0RK¶V
scale).  At  the  boundary  between  the  hemicylinder  and  
the   gemstone,   some   of   the   light   will   reflect   directly  
back  into  the  hemicylinder,  and  some  of  the  light  will  
refract   inside   the   gemstone.   The   reflected   light   will  
pass   through  a   reading  scale   and   then   through  one  or  
more   lenses,   depending   on   the   refractometer.   Further  
on,  a  mirror  will  bounce   the  light,   through  the  ocular,  
WKURXJKDGHWDFKDEOHSRODUL]LQJILOWHUDQGWRRQH¶VH\H
(The  Gemology  Project  2013a),  see  Fig.  1.    
   The  hemicylinder  has   higher   refractive   index   (RI)  
than   the  gemstone.  Therefore,   the   light  will  either   re-­
flect   back   into   the   hemicylinder   or   refract   inside   the  
gemstone.  The  limit  between  when  light  is  refracted  or  
reflected  is  called  the  critical  angle  (ca).  The  light  that  
comes   in  on   the   inside  of   the  critical  angle  respective  
to   the   normal   will   be   refracted   inside   the   gemstone.  
The   light   that   comes   in   on   the   outside   of   the   critical  
angle   respective   to   the   normal   will   be   reflected   back  
into   the   hemicylinder   and   hit   the   reading   scale   (The  
Gemology   Project   2013b).   The   critical   angle   can   be  
FDOFXODWHG ZLWK 6QHOO¶V ODZ Q1sin(ș1)   =   n2sin(ș2),  
where  ș1  is  the  angle  of  incidence  and  ș2  is  the  angle  of  
refraction  (Wikipedia  2013).  This  means  that  since  the  
RI  of  the  hemicylinder  is  constant,  and  the  angle  of  the  
incoming   light   is   constant,   the   angle   of   the   refracted  
light   depends   on   the   gemstone   that   is   being   tested.  
This  also  means   that   the  critical  angle  (ca)   is  specific  
for  each  gemstone,  and  since  the  angle  of  the  incoming  
light  is  the  same,  every  material  will  refract  and  reflect  
different  amount  of  light,  and  thus  we  can  se  a  differ-­
ence   in   the   reading   scale,  which  shows  RI  =   sin(ș1)   /  
sin(ș2)  (Babcock  2012).  
          Before  the  gemstone  is  placed  on  the  hemicylinder,  
a   drop   of   refractive   fluid   should   be   applied   on   the  
glass,  with  the  purpose  to  increase  the  contact  between  
the  gemstone  and  the  hemicylinder.  This  fluid  contains  
Fig.  1.  The  standard  refractometer,  modified  after  (The  Ge-­
mology  Project  2013a)  
Fig.  1.  The  standard  refractometer.  Photograph:  Ivan  Suez  
Fig.  2.  The  first  generation  infrared  refractometer.  
Photograph:  Ivan  Suez.  
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methylene   iodide   saturated   with   sulfur,   so   surgical  
gloves   are   recommended.   This   fluid   should   also   be  
used   in   a   well-­ventilated   area,   and   pregnant   women  
should  avoid  using  it  (Babcock  2012).    
  
2.2   The  first  generation  infrared    
   refractometer  
Basically,  the  first  generation  infrared  refractometer  is  
used  without  the  need  of  applying  the  hazardous  re-­
fractive  fluid,  the  light  source  (infrared  light)  is  built  in  
it,  and  the  result  is  presented  digitally.  This  refractom-­
eter  can  also  test  a  wider  range  (RI  =  1.30  -­  2.99).  
          There  is  not  much  information  to  be  found  about  
the  infrared  refractometer  specifically  that  I  have  used  
for  this  project,  but  there  is  information  about  another  
refractometer  which  does  not  measure  the  refractivity,  
but  the  percentage  of  reflectivity,  and  then  converts  it  
to  a  refractive  index  value  through  an  algorithm  (Gem-­
n-­Eye  2013).  
  
3    Method  
After  trying  the  first  generation  infrared  refractometer  
in   normal   room   temperature,   the   test   results   did   not  
appear   to  be  accurate.  Therefore,   the  objective  of   this  
project   is   to   find   out   which   parameters   affect   the   re-­
sults.    
  
3.1   Testing  in  different  temperatures  
Since   the   instructions   for   the   first   generation   infrared  
refractometer   say   that   the  working   temperature   is   25-­
28°C,  the  first  part  of  the  testing  has  been  to  test  gem-­
stones  in  different  temperatures  to  see  how  this  affect  
the  results.    
          34   different   gemstones   were   tested   in   20-­25°C.  
Among  the  tested  gemstones,  14  gemstones  were  test-­
ed   again   in   25-­28°C   and   again   in   30-­35°C.   Also   the  
the  calibration  stones  were  tested,  with  different  com-­
binations  of   the   temperature   in  which   the   instruments  
were   calibrated   in,   and   the   temperature   in   which   the  
gemstones  were  tested.  
          At   every   temperature,   the   testings   for   every   gem-­
stone  began  with  the  standard  refractometer.  A  drop  of  
refractive   fluid   was   placed   on   the   hemicylinder,   and  
then  the  gemstone  was  placed,  the  value  from  the  read-­
ing   scale   was   written   down   and   then   the   polarizing  
filter  was  turned  90°  to  test  for  double  refractivity  and  
this  value  was  written  down  as  well.  This  was  repeated  
three   times   for   each   gemstone   at   each   temperature.  
Between   every   test,   both   the   hemicylinder   and   the  
gemstone  were   wiped   off   with   a   piece   of   paper   with  
alcohol.    
          Then   the   tests   proceeded  with   the   first   generation  
infrared  refractometer.  The  refractometer  was  calibrat-­
ed  following  the  procedure  written  in  the  manual;;  First  
WKH ´WHVW´ EXWWRQZDV SUHVVHG IRU  VHFRQGV WKH FDOL
bration  stone  with  RI  =  1.470  was  placed  on  the  plat-­
IRUIDQGWKH´WHVW´EXWWRQZDVSUHVVHGDJDLQ7KHQWKH
´WHVW´EXWWRQZDVSUHVVHGIRUVHFRQGVWKHFDOLEUDWLRQ
stone  with  RI  =  1.755  was  placed  on  the  platform,  the  
´WHVW´ EXWWRQ ZDV SUHVVHG DJDLQ DQG WKHQ WKH ´WHVW´
button  was  pressed  for  4  seconds.    
          The  testing  procedure  was  easier:  I  placed  the  gem-­
stone   on   the   centre   of   the   testing   plate,   pressed   the  
´WHVW´EXWWRQDQGZURWHGRZQ WKHYDOXH WKDWDSSHDUHG
on   the   screen.  Then   I   turned   the   stone  90°   for   testing  
IRU GRXEOH UHIUDFWLYLW\ SUHVVHG WKH ´WHVW´ EXWWRQ DQG
wrote   down   the   value.   I   repeated   this   three   times   for  
each   gemstone   at   each   temperature,   wiping   off   the  
gemstone  with   a   gem  cleaning   cloth  with   alcohol  be-­
tween  each  test.  
  
3.2  Testing  different  cut  
After  acquiring   information  about  another   instrument,  
(Gem-­n-­Eye   2013),   chances   are   that   our   first   genera-­
tion  infrared  refractometer  works  the  same  way,  meas-­
uring  the  percentage  of  reflectivity  and  then  converts  it  
to   a   refractive   index   value   through   an   algorithm.   In  
that   case,   a   possibility   is   that   the   infrared   light   is   not  
only   reflected   hitting   the   table   of   the   gemstone,   but  
also   when   hitting   the   pavilion,   and   thus,   gemstones  
with   different   angles   on   the   pavilions   could   give   dif-­
ferent  values.    
          I   decided   to   test   eight   amethysts   faceted   in   five  
different  ways  and  four  sapphires  faceted  in  three  dif-­
ferent  ways  to  see  how  the  results  differed.  
          The  testing  procedure  was  the  same  as  when  testing  
for   temperature,  except   the   fact   that   I  did  all   the   tests  
in  room  temperature.    
  
4   Results  
  
4.1   Testing  in  different  temperatures  
The  results  are  here  presented  the  following  way:  
          First,   the   results   from   the   tests   on   the   calibration  
stones  are  presented,  and  then  the  results  from  the  tests  
on   the   real   gemstones.   Remember   that   the   real   gem-­
stones  were   tested   at   the   same   temperature   as   the   in-­
struments  were  calibrated  at.  
          T  =  Temperature  and  H  =  Humidity.  
   For  the  mean  value,  two  values  are  given:  The  first  
value,  the  lower  value,  is  the  mean  value  for  the  three  
lower  test  results.  The  second  value,  the  higher  value,  
is  the  mean  value  for  the  three  higher  test  results.  This  
way,  double  refractivity  can  be  displayed.  
          The   deviation   value   is   the   difference   between   the  
mean  value  and  the  value  given  in  a  table  over  refrac-­
tive   index   (Babcock   2012).   Also   here,   I   have   given  
two   values;;   The   first   value   is   the   difference   between  
the  lower  mean  value  and  the  lower  value  given  in  the  
table   over   refractive   index.   The   second   value   is   the  
difference   between   the   higher   mean   value   and   the  
higher  value  given  in  the  table  over  refractive  index.  
   For  each  gemstone,  a  diagram  illustrates  the  result,  
together  with  a  picture  of  the  stone,  see  Figs.  4-­16.  
          Since   this  project   is  about  why  the  first  generation  
infrared   refractometer   does   not   give   accurate   values,  
and   we   already   know   that   the   standard   refractometer  
works,   I   only   present   values   from   the   tests   with   the  
7  
first  generation  infrared  refractometer  here.  The  values  
from   the   tests  with   the   standard   refractometer   can   be  
found  in  the  full  results  sheet  for  the  calibration  stones  
in  Appendix  A,  and  for  the  gemstones  in  Appendix  B.  
  
  
4.1.1   Calibration  stone  with  RI  =  1.470  
  
Calibrated  at:        T:  26.8        H:  24.9  
Tested  at:                    T:  23.3        H:  28.5  
Mean  value:            1.465  -­  1.467  
Deviation:                    0.005  -­  0.003  
  
Calibrated  at:        T:  22.9        H:  29.0  
Tested  at:                    T:  26.2        H:  24.9  
Mean  value:            1.465  -­  1.468  
Deviation:                    0.005  -­  0.002  
  
Calibrated  at:        T:  26.2        H:  24.4  
Tested  at:                    T:  26.2          H:  24.5  
Mean  value:            1.477  -­  1.478  
Deviation:                    0.007  -­  0.008  
  
Calibrated  at:        T:  34.6        H:  18.2  
Tested  at:                    T:  26.8          H:  24.2  
Mean  value:            1.467  -­  1.468  
Deviation:                    0.003  -­  0.002  
  
Calibrated  at:        T:  26.6        H:  25.5  
Tested  at:                    T:  30.5        H:  20.9  
Mean  value:            1.467  -­  1.468  
Deviation:                    0.003  -­  0.002  
  
Calibrated  at:        T:  32.0        H:  18.6  
Tested  at:                    T:  31.9        H:  19.4  
Mean  value:            1.472  -­  1.472  
Deviation:                    0.002  -­  0.002  
  
  
4.1.2   Calibration  stone  with  RI  =  1.755  
  
Calibrated  at:        T:  24.9        H:  26.8  
Tested  at:                    T:  23.0        H:  28.7  
Mean  value:            1.747  -­  1.756  
Deviation:                    0.008  -­  0.001  
  
Calibrated  at:        T:  22.9        H:  29.0  
Tested  at:                    T:  26.6        H:  24.3  
Mean  value:            1.742  -­  1.751  
Deviation:                    0.013  -­  0.004  
  
Calibrated  at:        T:  26.2        H:  24.4  
Tested  at:                    T:  26.1        H:  25.1  
Mean  value:            1.746  -­  1.747  
Deviation:                    0.009  -­  0.008  
  
Calibrated  at:        T:  34.6        H:  18.2  
Tested  at:                    T:  26.5        H:  24.4  
Mean  value:            1.752  -­  1.  755  
Deviation:                    0.003  -­  0  
  
Calibrated  at:        T:  26.6        H:  25.5  
Tested  at:                    T:  31.3        H:  19.9  
Mean  value:            1.754  -­  1.758  
Deviation:                    0.001  -­  0.003  
  
Calibrated  at:        T:  32.0        H:  18.6  
Tested  at:                    T:  33.0        H:  18.1  
Mean  value:            1.753  -­  1.756  
Deviation:                    0.002  -­  0.001  
  
  
4.1.3   Alexandrite  (Al2(BO4))  
(RI  =  1.746  -­  1.755)  -­  Cut  
  
Tested  at:                    T:  23.0      H:  22.0  
Mean  value:            1.689  -­  1.707  
Deviation:                    0.057  -­  0.048  
  
Tested  at:                    T:  26.8      H:  29.9  
Mean  value:            1.698  -­  1.729  
Deviation:                    0.048  -­  0.026  
  
Tested  at:                    T:  33.0      H:  25.5  
Mean  value:            1.680  -­  1.693  
Deviation:                    0.066  -­  0.062  
  
  
Fig.  4a.  Mean  value  for  alexandrite  at  different  temperatu-­
res.  Fig.  4b.  The  tested  alexandrite.  
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4.1.4   Amethyst  (Quartz)  (SiO2)  
(RI  =  1.544  -­  1.553)  -­  Faceted  
  
Tested  at:                    T:  22.9      H:  20.0  
Mean  value:            1.563  -­  1.564  
Deviation:                    0.019  -­  0.011  
  
Tested  at:                    T:  26.8      H:  28.4  
Mean  value:            1.560  -­  1.574  
Deviation:                    0.016  -­  0.021  
  
Tested  at:                    T:  32.0      H:  21.5  
Mean  value:            1.555  -­  1.560  
Deviation:                    0.011  -­  0.007  
  
  
  
  
  
  
  
  
  
  
  
4.1.5   Ametrine  (Quartz)  (SiO2)  
(RI  =  1.544  -­  1.553)  -­  Faceted  
  
Tested  at:                    T:  23.2      H:  18.7  
Mean  value:            1.545  -­  1.548  
Deviation:                    0.001  -­  0.005  
  
Tested  at:                    T:  26.3      H:  28.7  
Mean  value:            1.508  -­  1.562  
Deviation:                    0.036  -­  0.009  
  
Tested  at:                    T:  33.4      H:  19.3  
Mean  value:            1.548  -­  1.552  
Deviation:                    0.004  -­  0.001  
  
  
  
  
  
  
  
  
Fig.  5a.  Mean  value  for  amethyst  at  different  temperatures.  
Fig.  5b.  The  tested  amethyst.  
Fig.  6a.  Mean  value  for  ametrine  at  different  temperatures.  
Fig.  6b.  The  tested  ametrine.  
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4.1.6   Aquamarine  (Beryl)  (Be3Al2(SiO3)6)    
(RI  =  1.577  -­  1.583)  -­  Faceted  
  
Tested  at:                    T:  23.2      H:  19.8  
Mean  value:            1.590  -­  1.591  
Deviation:                    0.013  -­  0.008  
  
Tested  at:                    T:  26.5      H:  29.1  
Mean  value:            1.574  -­  1.598  
Deviation:                    0.003  -­  0.015  
  
Tested  at:                    T:  31.7      H:  26.6  
Mean  value:            1.585  -­  1.588  
Deviation:                    0.008  -­  0.005    
  
  
  
  
  
  
  
  
  
  
  
4.1.7   Black  Onyx  (Quartz)  (SiO2)  
(RI  =  1.544  -­  1.553)  -­  Faceted  
  
Tested  at:                    T:  22.8      H:  25.2  
Mean  value:            1.468  -­  1.479  
Deviation:                    0.076  -­  0.074  
  
Tested  at:                    T:  26.3      H:  27.7  
Mean  value:            1.471  -­  1.475  
Deviation:                    0.073  -­  0.078  
  
Tested  at:                    T:  34.1      H:  16.9  
Mean  value:            1.461  -­  1.466  
Deviation:                    0.083  -­  0.087  
  
  
  
  
  
  
  
  
  
Fig.  7a.  Mean  value  for  aquamarine  at  different  temperatu-­
res.  Fig.  7b.  The  tested  aquamarine.  
Fig.  8a.  Mean  value  for  black  onyx  at  different  temperatures.  
Fig.  8b.  The  tested  .  
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4.1.8   Bloodstone  (Chalcedony)  (SiO2)  
(RI  =  1.535  -­  1.539)  -­  Cabochon  
  
Tested  at:                    T:  23.4      H:  20.1  
Mean  value:            1.554  -­  1.564  
Deviation:                    0.019  -­  0.025  
  
Tested  at:                    T:  26.6      H:  28.8  
Mean  value:            1.553  -­  1.561  
Deviation:                    0.018  -­  0.022  
  
Tested  at:                    T:  31.7      H:  19.2  
Mean  value:            1.547  -­  1.554  
Deviation:                    0.012  -­  0.015  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
4.1.9   Iolite  ((Mg,Fe)2Al4Si5O18)  
(RI  =  1.542  -­  1.551)  -­  Faceted  
  
  
Tested  at:                    T:  23.2      H:  25.1  
Mean  value:            1.530  -­  1.533  
Deviation:                    0.012  -­  0.018  
  
Tested  at:                    T:  26.6      H:  30.7  
Mean  value:            1.538  -­  1.540  
Deviation:                    0.004  -­  0.011  
  
Tested  at:                    T:  30.9      H:  23.2  
Mean  value:            1.521  -­  1.528  
Deviation:                    0.021  -­  0.023    
  
  
  
  
  
  
  
  
  
  
Fig.  10a.  Mean  value  for  iolite  at  different  temperatures.  
Fig.  10b.  The  tested  iolite.  
Fig.  9a.  Mean  value  for  bloodstone  at  different  temperatu-­
res.  Fig.  9b.  The  tested  bloodstone.  
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4.1.10   Lab  Sapphire  (SiO2)  
(RI  =  1.584)  -­  Faceted  
  
  
Tested  at:                    T:  22.9      H:  25.2  
Mean  value:            1.504  -­  1.509  
Deviation:                    0.080  -­  0.075  
  
Tested  at:                    T:  26.6      H:  28.8  
Mean  value:            1.499  -­  1.513  
Deviation:                    0.085  -­  0.071  
  
Tested  at:                    T:  31.8      H:  19.2  
Mean  value:            1.504  -­  1.515  
Deviation:                    0.080  -­  0.069  
  
  
  
  
  
  
  
  
  
  
  
  
  
4.1.11   Morganite  (Beryl)  ((Be3Al2(SiO3)6)    
(RI  =  1.577-­1.583)  -­  Faceted  
  
Tested  at:                    T:  23.0      H:  22.0  
Mean  value:            1.571  -­  1.574  
Deviation:                    0.006  -­  0.009  
  
Tested  at:                    T:  26.7      H:  28.8  
Mean  value:            1.596  -­  1.600  
Deviation:                    0.019  -­  0.017  
  
Tested  at:                    T:  33.2      H:  18.1  
Mean  value:            1.575  -­  1.578  
Deviation:                    0.002  -­  0.005  
  
  
  
  
  
  
  
  
  
  
Fig.  11a.  Mean  value  for  lab  sapphire  at  different  tempera-­
tures.  Fig.  11b.  The  tested  lab  sapphire.  
Fig.  12a.  Mean  value  for  morganite  at  different  temperatu-­
res.  Fig.  12b.  The  tested  morganite.  
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4.1.12   Pearl  (CaCO3)  
(RI  =  1.530  -­  1.685)  -­  Cabochon  
  
  
Tested  at:                    T:  23.0      H:  23.0  
Mean  value:            1.851  -­  1.886  
Deviation:                    0.321  -­  0.201  
  
Tested  at:                    T:  26.7      H:  27.7  
Mean  value:            1.742  -­  1.906  
Deviation:                    0.212  -­  0.221  
  
Tested  at:                    T:  33.8      H:  17.9  
Mean  value:            1.668  -­  1.722  
Deviation:                    0.138  -­  0.037  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
4.1.13   Prasiolite  (Quartz)  (SiO2)  
(RI  =  1.544  -­  1.553)  -­  Faceted  
  
  
Tested  at:                    T:  23.2      H:  25.2  
Mean  value:            1.527  -­  1.532  
Deviation:                    0.017  -­  0.021  
  
Tested  at:                    T:  26.8      H:  26.6  
Mean  value:            1.545  -­  1.547  
Deviation:                    0.001  -­  0.006  
  
Tested  at:                    T:  32.7      H:  19.2  
Mean  value:            1.536  -­  1.538  
Deviation:                    0.008  -­  0.015  
  
  
  
  
  
  
  
  
  
  
Fig.  13a.  Mean  value  for  pearl  at  different  temperatures.  
Fig.  13b.  The  tested  pearl.  
Fig.  14a.  Mean  value  for  prasiolite  at  different  temperatures.  
Fig.  14b.  The  tested  prasiolite.  
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4.1.14   Tourmaline  ((Ca,K,Na[])(Al,Fe,Li,Mg,Mn)3
(Al,Cr,Fe,V)6(BO3)3(Si,Al,B)6O18(OH,F)4)  
   (RI  =  1.624  -­  1.644)  -­  Faceted  
  
Tested  at:                    T:  23.4      H:  19.8  
Mean  value:            1.587  -­  1.663  
Deviation:                    0.037  -­  0.019  
  
  
Tested  at:                    T:  26.5      H:  30.9  
Mean  value:            1.661  -­  1.668  
Deviation:                    0.037  -­  0.024  
  
Tested  at:                    T:  33.8      H:  24.9  
Mean  value:            1.651  -­  1.655  
Deviation:                    0.027  -­  0.011  
  
  
  
  
  
  
  
  
  
  
  
  
4.1.15   Turquoise  (CuAl6(PO4)4(OH)85H2O)  
(RI  =  1.61)  -­  Cabochon  
  
  
Tested  at:                    T:  22.9      H:  21.9  
Mean  value:            1.429  -­  1.440  
Deviation:                    0.181  -­  0.170  
  
Tested  at:                    T:  26.3      H:  27.5  
Mean  value:            1.448  -­  1.469  
Deviation:                    0.162  -­  0.141  
  
Tested  at:                    T:  32.4      H:  19.1  
Mean  value:            1.384  -­  1.424  
Deviation:                    0.226  -­  0.186  
  
  
  
  
  
  
  
Fig.  15a.  Mean  value  for  tourmaline  at  different  temperatu-­
res.  Fig.  15b.  The  tested  tourmaline.  
Fig.  16a.  Mean  value  for  turquoise  at  different  temperatures.  
Fig.  16b.  The  tested  turquoise.  
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4.2   Testing  different  cut  
The  results   from  testing  the  same  gemstone  fac-­
eted   in   different   ways   are   presented   the   same  
way   as   the   results   from   testing   in   different   tem-­
peratures.  
   For   every   gemstone,   a   picture   of   the   tested  
gemstone  is  presented,  see  Figs.  17-­28.  
          In  this  series  of  tests,  all  the  test  were  made  in  
room  temperature.  
          The  full  result  sheet  can  be  found  in  Appendix  
C.  
  
4.2.1   Amethyst  (Quartz)  (RI  =  1.544  -­  1.553)  
  
4.2.1.1   Octagon  cut  1  
  
Tested  at:                    T:  22.8      H:  53.4  
Mean  value:            1.566  -­  1.572  
Deviation:                    0.022  -­  0.019  
  
  
4.2.1.2   Octagon  cut  2  
  
Tested  at:                    T:  23.0      H:  53.3  
Mean  value:            1.561  -­  1.566  
Deviation:                    0.017  -­  0.013  
  
  
  
  
4.2.1.3   Oval  cut  1  
  
Tested  at:                    T:  22.6      H:  38.0  
Mean  value:            1.543  -­  1.551  
Deviation:                    0.001  -­  0.002  
  
  
  
  
  
4.2.1.4   Oval  cut  2  
  
Tested  at:                    T:  22.6      H:  39.0  
Mean  value:            1.555  -­  1.562  
Deviation:                    0.011  -­  0.009  
  
  
  
  
  
Fig.  19.  Amethyst  with  oval  cut  1.  
Fig.  20.  Amethyst  with  oval  cut  2.  
Fig.  17.  Amethyst  with  octagon  cut  1.  
Fig.  18.  Amethyst  with  octagon  cut  2.  
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4.2.1.5   Pear  cut  1  
  
Tested  at:                    T:  22.7      H:  39.2  
Mean  value:            1.531  -­  1.533  
Deviation:                    0.013  -­  0.020  
  
  
  
  
  
4.2.1.6   Pear  cut  2  
  
Tested  at:                    T:  22.9      H:  40.1  
Mean  value:            1.543  -­  1.545  
Deviation:                    0.001  -­  0.008  
  
  
  
  
  
  
  
  
  
4.2.1.7   Princess  cut  
  
Tested  at:                    T:  23.1      H:  54.2  
Mean  value:            1.530  -­  1.537  
Deviation:                    0.014  -­  0.016  
  
  
  
  
  
4.2.1.8   Square  cut  
  
Tested  at:                    T:  23.0      H:  40.6  
Mean  value:            1.538  -­  1.539  
Deviation:                    0.006  -­  0.014  
  
  
  
  
  
Fig.  22.  Amethyst  with  pear  cut  2.  
Fig.  21.  Amethyst  with  pear  cut  1.   Fig.  23.  Amethyst  with  princess  cut.  
Fig.  24.  Amethyst  with  square  cut.  
16  
4.2.2   Sapphire  (Corundum)  (RI  =  1.762  -­  1.770)  
  
  
  
4.2.2.1   Oval  cut  
  
Tested  at:                    T:  23.4      H:  54.6  
Mean  value:            1.686  -­  1.732  
Deviation:                    0.076  -­  0.038  
  
  
  
  
  
  
  
4.2.2.2   Pear  cut  1  
  
Tested  at:                    T:  22.4      H:  54.3  
Mean  value:            1.751  -­  1.755  
Deviation:                    0.011  -­  0.015  
  
  
  
  
  
  
4.2.2.3   Pear  cut  2  
  
Tested  at:                    T:  23.2      H:  55.5  
Mean  value:            1.740  -­  1.756  
Deviation:                    0.022  -­  0.014  
  
  
  
  
  
  
  
4.2.2.4   Round  cut  
  
Tested  at:                    T:  23.2      H:  55.1  
Mean  value:            1.760  -­  1.763  
Deviation:                    0.002  -­  0.007  
  
  
  
Fig.  25.  Sapphire  with  oval  cut.  
Fig.  26.  Sapphire  with  pear  cut  1.  
Fig.  27.  Sapphire  with  pear  cut  2.  
Fig.  28.  Sapphire  with  oval  cut.  
17  
5   Discussion  
  
5.1   Testing  in  different  temperatures  
In  the  tests  on  the  calibration  stones,  the  most  accurate  
values  were  obtained  when  calibrated  or  tested  in  over  
30°C,   whereas   calibrated   and   tested   in   the   normal  
room  temperature  (20-­25°C)  did  not  give  good  values.  
          Only  one  stone  obtained  the  best  values  at  20-­25°C:  
Black   Onyx   (quartz).   Most   stones   (eight   stones:   lab  
sapphire,  morganite   (beryl),   aquamarine   (beryl),   tour-­
maline,   iolite,   amethyst   (quartz),   ametrine   (quartz),  
bloodstone   (chalcedony)   and   pearl)   obtained   the   best  
values   at   30-­35°C.   Four   stones   (alexandrite,   iolite,  
prasiolite   (quartz)  and   turqoise)  obtained   the  best  val-­
ues  at  25-­28°C.  
          Most   stones   (five   stones:   lab   sapphire,   morganite  
(beryl),   tourmaline,   amethyst   (quartz)   and   ametrine  
(quartz))   obtained   the   worst   values   at   25-­28°C.   Four  
stones   obtained   the   worst   values   at   20-­25°C  
(aquamarine   (beryl),   prasiolite   (quartz),   bloodstone  
(chalcedony)   and   pearl)   and   four   stones   obtained   the  
worst   value   at   30-­35°C   (alexandrite,   iolite,   turquoise  
and  black  onyx  (quartz).  
          None  of  the  three  cabochons  (turquoise,  bloodstone  
(chalcedony)  and  pearl)  obtained  good  values.  They  all  
had  a  deviation  of  more  than  0.01.    
          Four   faceted   gemstones   (morganite   (beryl),   aqua-­
marine   (beryl),   prasiolite   (quartz)   and   ametrine  
(quartz))   obtained   pretty   good   values   (a   deviation   of  
less   than  0.01),  while   the   remaining   six   faceted  gem-­
stones   (lab   sapphire,   alexandrite,   tourmaline,   iolite,  
amethyst   (quartz)   and   black   onyx   (quartz))   did   not  
obtain  good  values  (deviation  of  more  than  0.01).  
  
  
5.2   Testing  different  cut  
          I   tested  two  amethysts  with  oval  cut  and  two  ame-­
thysts  with  pear  cut.  One  of  each  obtained  a  very  good  
value   (deviation   of   less   than   0.01)  while   one   of   each  
obtained  a  very  inaccurate  value  (deviation  of  0.009  to  
0.020).      Both   octagon   cut   amethysts   obtained   pretty  
inaccurate  values  (deviation  of  0.013-­0.022).  All  in  all,  
there   is   not   much   difference   in   results   between   the  
amethysts  cut  in  different  ways.  
          I  also  tested  four  sapphires  faceted  in  three  different  
ways.   The   best   results   were   obtained   with   the   round  
cut  (deviation  of  0.002-­0.007),  while  the  worst  results  
were   obtained   with   the   oval   cut   (deviation   of   0.076-­
0.038).  The  values  with  pear  cut  were  better  than  with  
the  oval  cut,  but  worse  than  with  the  round  cut.  
          Some  differentiation  between  the  different  cuts  can  
be   seen  when   testing   the   sapphires,  but  as   seen  when  
testing   the   amethyst,   there   could   also   be   a   difference  
between   gemstones   faceted   the   same  way.  Therefore,  
we  can  only  see  an  indication,  but  more  tests  should  be  
carried   through   to   see   if   any   difference   between   the  
different  cuts  can  be  stated.    
  
  
5.3  Why  the  malfunction  of  the  first  gen-­
eration  infrared  refractometer?    
Since   only   one   gemstone   (black   onyx   (quartz))   ob-­
tained   the   best   values   at   20-­25°C,   and   most   stones  
obtained  the  best  values  at  25-­28,  which  is  the  working  
temperature   according   to   the   manufacturer  
(Opticsfactory),   temperature   appear   to   have   certain  
influence  on  the  result.    
   I   tried   to   find   any   information   from   the  manufac-­
WXUHU¶VZHESDJHDERXWKRZWKHLQVWUXPHQWLVEXLOWKRZ
it  works,   or   any  other   clue   that   can   help   to   solve   the  
problem.  The  only   thing  I   found  out   is   that   they  have  
now   changed   one   of   the   calibration   stones.   The   cali-­
bration  stone  with  RI  =  1.470   is  now  replaced  with  a  
calibration  stone  with  RI  =  1.4875.  That  is  quite  a  dif-­
ference,  and  chances  are   I  have  got  wrong  values  be-­
cause   the   instrument   was   calibrated   the   wrong   way  
because  of  the  calibration  stones  that  came  with  it.  
          Another   possibility   is   that   the   instrument   gives  
wrong   values   because   the   manufacturer   did   not   take  
into   account   that   since   the   instrument   uses   infrared  
light   instead   of   visible   light,   the   refractive   index  
should  be  different  due  to  the  different  wavelength.  In  
that  case,   the  algorithm  used   to  convert   the   reflection  
to  refractive  index  should  be  replaced.  I  find  this  hard  
to  believe  due  to  the  difference  in  refractive  index  be-­
tween   two  amethyst   faceted   the   same  way  and   tested  
in  the  same  temperature.  
  
6   Conclusions  
The   temperature   proved   to   have   certain   influence   on  
the  result,  while  the  cut  did  not  show  any  notable  rele-­
vance  to  the  results.  The  fact  that   the  results  are  inac-­
curate   do  not   seem   to  be  because  wrong  algorithm   is  
used   in   the   first   generation   infrared   refractometer,  
since   a   wide   differentiation   can   be   seen   also   within  
samples   of   the   same   gemstone   faceted   the   same  way  
and  tested  in  the  same  temperature.  Since  the  manufac-­
turer  has  replaced  the  calibration  stone  with  the  lower  
RI  =  1.470  with  a  calibration  stone  with  RI  =  1.4875,  
chances  are  that  this  is  the  reason  why  I  do  not  get  the  
correct  values.    
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Appendix A
Results sheet for the tests on the calibration stones in different temperatures. Tests 1, 2 and 3 are with the stones in 
one direction, and test 4, 5 and 6 are after turning the stone 90°. T = Temperature, H = Humidity, IR = The value 
obtained with the first generation infrared refractometer.
RI = 1.470
Calibrated at: T = 26.2°C, H = 24.4 %
Test Tested at (T) Tested at (H) IR
1 23.4 28.5 1.466
2 23.3 28.5 1.468
3 23.2 28.5 1.466
4 23.4 28.5 1.468
5 23.3 28.5 1.465
6 23.2 28.5 1.464
Calibrated at: T = 22.9°C, H = 29.0 %
Test Tested at (T) Tested at (H) IR
1 26.0 25.5 1.468
2 26.2 24.9 1.472
3 26.4 24.4 1.465
4 26.1 25.5 1.461
5 26.3 24.4 1.472
6 26.4 24.4 1.463
19
Calibrated at: T = 26.2°C, H = 24.4 % 
Test Tested at (T) Tested at (H) IR
1 26.2 24.4 1.473
2 26.2 24.4 1.480
3 26.2 24.9 1.479
4 26.2 24.4 1.476
5 26.2 24.4 1.480
6 26.2 24.4 1.479
Calibrated at: T = 34.6°C, H = 18.2 %
Test Tested at (T) Tested at (H) IR
1 27.0 23.9 1.467
2 26.8 23.9 1.470
3 26.7 24.4 1.468
4 26.9 23.9 1.467
5 26.8 24.4 1.468
6 26.7 24.4 1.467
Calibrated at: T = 26.6°C, H = 25.5 %
Test Tested at (T) Tested at (H) IR
1 30.4 21.4 1.463
2 30.5 20.2 1.472
3 30.6 20.2 1.466
4 30.4 21.4 1.464
5 30.6 21.4 1.471
6 30.7 20.8 1.467
20
Calibrated at: T = 32.0°C, H = 18.6 %
Test Tested at (T) Tested at (H) IR
1 31.9 19.2 1.471
2 31.6 19.2 1.472
3 32.2 19.2 1.474
4 31.8 19.2 1.471
5 31.6 19.7 1.472
6 32.4 19.7 1.472
RI = 1.755
Calibrated at: T = 24.9°C, H = 26.8 %
Test Tested at (T) Tested at (H) IR
1 23.1 28.5 1.756
2 23.0 28.5 1.751
3 23.0 29.0 1.756
4 23.1 28.5 1.747
5 23.0 28.5 1.755
6 22.9 29.0 1.743
Calibrated at: T = 22.9°C, H = 29.0 %
Test Tested at (T) Tested at (H) IR
1 26.5 24.4 1.733
2 26.6 24.4 1.756
3 26.7 24.4 1.750
4 26.6 24.4 1.745
5 26.6 24.4 1.744
6 26.6 23.9 1.753
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Calibrated at: T = 26.2°C, H = 24.4 %
Test Tested at (T) Tested at (H) IR
1 26.1 24.4 1.755
2 26.0 25.5 1.740
3 26.2 24.9 1.747
4 26.1 24.9 1.752
5 26.0 25.5 1.739
6 26.2 25.5 1.746
Calibrated at: T = 34.6°C, H = 18.2 %
Test Tested at (T) Tested at (H) IR
1 26.6 24.4 1.753
2 26.2 24.4 1.754
3 26.4 24.4 1.752
4 26.6 24.4 1.751
5 26.5 24.4 1.756
6 26.4 24.4 1.756
Calibrated at: T = 26.6°C, H = 25.5 %
Test Tested at (T) Tested at (H) IR
1 31.1 20.3 1.747
2 31.7 19.2 1.763
3 31.3 19.7 1.755
4 31.1 20.3 1.755
5 31.5 19.7 1.760
6 31.2 20.3 1.754
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Calibrated at: T = 32.0°C, H = 18.6
Test Tested at (T) Tested at (H) IR
1 32.8 18.1 1.754
2 32.8 18.1 1.755
3 33.2 18.2 1.755
4 32.8 18.1 1.749
5 32.9 18.1 1.756
6 33.3 18.2 1.758
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Appendix B
Results sheet for the tests on gemstones in different temperatures.  Tests 1, 2 and 3 are with the stones in one direc-
tion,  and test 4, 5 and 6 are after turning the stone 90°. T  = Temperature, H = Humidity,  VL = The values obtained 
with the standard refractometer, IR = The values obtained with the first generation infrared refractometer.
Tests in 20-25°C
Alexandrite
Test VL T H IR T H
1 1.78 23.0 22.0 1.674 23.0 22.0
2 1.77 23.0 22.0 1.693 23.0 22.0
3 1.75 23.0 22.0 1.701 23.0 22.0
4 1.78 23.0 22.0 1.709 23.0 22.0
5 1.74 23.0 22.0 1.706 23.0 22.0
6 1.74 23.0 22.0 1.705 23.0 22.0
Amethyst
Test VL T H IR T H
1 1.54 22.8 20.8 1.563 23.0 19.8
2 1.54 22.8 20.8 1.563 23.0 19.8
3 1.54 22.8 20.8 1.562 22.8 20.3
4 1.55 22.8 20.8 1.564 23.0 19.8
5 1.55 22.8 20.8 1.567 23.0 19.8
6 1.55 22.8 20.8 1.562 22.8 20.3
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Ametrine
Test VL T H IR T H
1 1.54 23.2 18.7 1.522 23.2 18.7
2 1.54 23.3 18.7 1.559 23.2 18.7
3 1.54 23.2 18.7 1.561 23.2 18.7
4 1.55 23.2 18.7 1.516 23.2 18.7
5 1.55 23.3 18.7 1.561 23.3 18.7
6 1.55 23.2 18.7 1.560 23.2 18.7
Aquamarine
Test VL T H IR T H
1 1.57 23.1 19.8 1.594 23.2 19.8
2 1.57 23.2 19.8 1.590 23.2 19.8
3 1.57 23.2 19.8 1.588 23.2 19.8
4 1.58 23.1 19.8 1.594 23.2 19.8
5 1.58 23.2 19.8 1.590 23.2 19.8
6 1.58 23.2 19.8 1.585 23.2 19.8
Black Onyx
Test VL T H IR T H
1 1.54 22.6 25.2 1.473 22.8 25.2
2 1.54 22.7 24.2 1.459 22.8 25.2
3 1.54 22.7 25.2 1.473 22.8 25.2
4 1.53 22.6 25.2 1.492 22.8 25.2
5 1.53 22.7 24.2 1.471 22.8 25.2
6 1.53 22.7 25.2 1.471 22.8 25.2
25
Bloodstone
Test VL T H IR T H
1 1.53 23.2 19.8 1.564 23.3 19.8
2 1.53 23.2 19.8 1.560 23.4 19.8
3 1.53 23.3 19.8 1.568 23.3 20.3
4 1.53 23.2 19.8 1.564 23.4 20.3
5 1.53 23.2 19.8 1.559 23.3 20.3
6 1.53 23.3 19.8 1.540 23.4 20.3
Cubic Zirconia (Cz)
Test VL T H IR T H
1 No value - - 2.069 22.7 21.9
2 No value - - 2.138 22.7 21.9
3 No value - - 2.115 22.8 21.9
4 No value - - 2.067 22.7 21.9
5 No value - - 2.135 22.8 21.9
6 No value - - 2.114 22.8 21.9
Diamond
Test VL T H IR T H
1 No value - - 1.265 23.2 24.2
2 No value - - 1.278 23.2 24.2
3 No value - - 1.333 23.2 24.2
4 No value - - 1.590 23.2 24.2
5 No value - - 1.418 23.2 24.2
6 No value - - 1.360 23.2 24.2
26
Glass (”lab sapphire”)
Test VL T H IR T H
1 1.58 22.8 25.2 1.513 22.9 25.2
2 1.58 22.9 25.2 1.507 22.9 25.2
3 1.58 22.9 25.2 1.507 22.9 25.2
4 1.59 22.8 25.2 1.504 22.9 25.2
5 1.58 22.9 25.2 1.507 23.0 25.2
6 1.59 22.9 25.2 1.502 22.9 25.2
Goldstone glass
Test VL T H IR T H
1 1.52 23.2 18.7 1.459 23.2 18.7
2 1.52 23.2 18.7 1.494 23.2 18.7
3 1.52 23.2 18.7 1.522 23.2 18.7
4 1.52 23.2 18.7 1.523 23.2 18.7
5 1.52 23.2 18.7 1.494 23.2 18.7
6 1.52 23.2 18.7 1.508 23.2 18.7
Haematite
Test VL T H IR T H
1 No value - - 2.150 22.6 23.0
2 No value - - 2.186 22.6 21.9
3 No value - - 2.140 22.6 21.9
4 No value - - 1.983 22.6 21.9
5 No value - - 2.110 22.6 21.9
6 No value - - 1.970 22.6 21.9
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Iolite
Test VL T H IR T H
1 1.54 23.2 25.2 1.529 23.2 25.2
2 1.54 23.2 25.2 1.530 23.2 24.7
3 1.54 23.2 25.2 1.532 23.2 25.2
4 1.55 23.2 25.2 1.531 23.2 25.2
5 1.55 23.2 25.2 1.534 23.2 25.2
6 1.55 23.2 25.2 1.535 23.2 25.2
Morganite
Test VL T H IR T H
1 1.59 23.0 22.0 1.567 23.0 22.5
2 1.59 22.9 21.9 1.577 23.0 22.0
3 1.59 22.9 21.9 1.572 23.0 21.9
4 1.58 23.0 22.0 1.573 23.0 21.9
5 1.58 22.9 21.9 1.573 22.9 21.9
6 1.58 22.9 21.9 1.573 23.0 21.9
Opal
Test VL T H IR T H
1 1.41 23.3 19.8 1.432 23.3 19.20
2 1.41 23.3 19.8 1.384 23.3 19.20
3 1.41 23.3 19.8 1.455 23.3 19.20
4 1.41 23.3 19.8 1.432 23.2 19.20
5 1.41 23.3 19.8 1.384 23.3 19.20
6 1.41 23.3 19.8 1.472 23.3 19.20
28
Orthoclase feldspar (chatoyant)
Test VL T H IR T H
1 No value 23.0 20.9 1.370 23.0 23.0
2 No value 23.2 19.8 1.370 23.1 23.1
3 No value 23.2 19.8 1.384 23.1 23.1
4 No value 23.2 19.8 1.370 23.0 23.0
5 No value 23.2 19.8 1.385 23.1 23.1
6 No value 23.2 19.8 1.348 23.1 23.1
Pearl
Test VL T H IR T H
1 1.57 22.8 21.9 1.695 23.0 23.0
2 1.58 22.8 21.9 2.066 23.0 23.0
3 1.61 22.8 21.9 1.807 22.9 23.0
4 1.57 22.8 21.9 1.785 23.0 23.0
5 1.58 22.8 21.9 2.066 23.0 23.0
6 1.61 22.8 21.9 1.793 22.9 23.0
Peridot
Test VL T H IR T H
1 1.68 23.6 24.2 1.670 23.6 24.2
2 1.68 23.6 24.2 1.673 23.6 24.2
3 1.68 23.6 24.2 1.674 23.6 23.6
4 1.66 23.6 24.2 1.673 23.6 24.2
5 1.66 23.6 24.2 1.673 23.6 24.2
6 1.66 23.6 24.2 1.675 23.6 23.6
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Plastic
Test VL T H IR T H
1 1.77 23.2 24.2 1.734 23.4 24.2
2 1.77 23.3 24.2 1.855 23.4 24.2
3 1.77 23.3 24.2 1.232 23.5 23.2
4 1.77 23.2 24.2 1.744 23.4 24.2
5 1.77 23.3 24.2 1.820 23.4 24.2
6 1.77 23.3 24.2 1.579 23.5 24.2
Prasiolite
Test VL T H IR T H
1 1.54 23.2 25.2 1.529 23.2 25.2
2 1.54 23.2 25.2 1.538 23.2 25.2
3 1.54 23.2 25.2 1.523 23.2 25.2
4 1.55 23.2 25.2 1.535 23.2 25.2
5 1.55 23.2 25.2 1.532 23.2 25.2
6 1.55 23.2 25.2 1.519 23.2 25.2
Ruby
Test VL T H IR T H
1 1.76 23.2 27.9 1.721 23.2 28.5
2 1.76 23.2 28.5 1.722 23.2 28.5
3 1.76 23.2 28.5 1.767 23.2 28.5
4 1.77 23.2 27.9 1.722 23.2 28.5
5 1.77 23.2 28.5 1.768 23.2 28.5
6 1.77 23.2 28.5 1.772 23.2 28.5
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Russian lab white diamond (CZ)
Test VL T H IR T H
1 1.77 23.2 25.2 2.133 23.1 27.9
2 1.77 23.0 27.9 2.035 23.1 27.9
3 1.77 23.1 28.5 2.120 23.2 27.9
4 1.77 23.2 25.2 2.130 23.1 27.9
5 1.77 23.0 27.9 2.131 23.2 27.9
6 1.77 23.1 28.5 2.135 23.2 28.5
Rutilated quartz
Test VL T H IR T H
1 No value 22.9 21.9 1.435 22.9 21.9
2 No value 22.9 21.9 1.478 22.9 21.9
3 No value 22.9 21.9 1.497 22.9 22.5
4 No value 22.9 21.9 1.496 23.0 22.0
5 No value 22.9 21.9 1.497 23.0 22.0
6 No value 22.9 21.9 1.581 22.9 22.5
Sapphire
Test VL T H IR T H
1 1.76 23.9 23.7 1.762 23.7 23.6
2 1.77 23.8 24.2 1.761 23.6 23.6
3 1.77 23.9 23.7 1.760 23.5 23.6
4 1.75 23.9 23.7 1.761 23.6 23.6
5 1.76 23.8 24.2 1.761 23.6 23.6
6 1.76 23.9 23.7 1.765 23.5 23.6
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Spessartite garnet
Test VL T H IR T H
1 1.77 22.8 22.5 1.779 22.9 23.0
2 1.77 22.8 22.5 1.782 22.9 22.5
3 1.77 22.8 22.5 1.783 22.9 22.5
4 1.77 22.8 22.5 1.779 22.9 23.0
5 1.77 22.8 22.5 1.780 22.9 22.5
6 1.77 22.8 22.5 1.780 22.9 22.5
Spinel
Test VL T H IR T H
1 1.71 22.2 34.8 1.698 22.6 34.8
2 1.71 22.5 34.8 1.689 22.7 34.8
3 1.71 22.5 34.8 1.685 22.8 34.8
4 1.71 22.5 34.8 1.693 22.6 34.8
5 1.71 22.5 34.8 1.697 22.8 34.8
6 1.71 22.5 34.8 1.676 22.7 34.8
Sunstone
Test VL T H IR T H
1 1.77 23.6 24.2 1.248 23.6 24.2
2 1.77 23.6 23.6 1.212 23.7 24.2
3 1.77 23.7 24.2 1.231 23.6 24.2
4 1.77 23.6 24.2 1.247 23.6 24.2
5 1.77 23.6 23.6 1.247 23.6 24.2
6 1.77 23.7 24.2 1.249 23.7 24.2
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Tanzanite
Test VL T H IR T H
1 1.69 23.2 28.5 1.690 22.6 29.5
2 1.69 23.0 28.5 1.692 22.6 29.5
3 1.69 22.6 29.5 1.696 22.5 29.5
4 1.70 23.2 28.5 1.692 22.6 29.5
5 1.70 23.0 28.5 1.695 22.6 29.5
6 1.70 22.6 29.5 1.698 22.5 29.5
Topaz
Test VL T H IR T H
1 1.61 23.0 25.2 1.591 23.0 25.2
2 1.61 23.0 25.2 1.603 23.0 25.2
3 1.61 23.0 25.2 1.614 23.1 25.2
4 1.62 23.0 25.2 1.607 23.0 25.2
5 1.62 23.0 25.2 1.597 23.0 25.2
6 1.62 23.0 25.2 1.614 23.1 25.2
Tourmaline
Test VL T H IR T H
1 1.62 23.3 19.8 1.656 23.4 19.8
2 1.62 23.3 19.8 1.630 23.4 19.8
3 1.62 23.4 19.8 1.474 23.4 19.8
4 1.64 23.3 19.8 1.658 23.4 19.8
5 1.64 23.3 19.8 1.666 23.4 19.8
6 1.64 23.4 19.8 1.666 23.4 19.8
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Tourmaline
Test VL T H IR T H
1 1.41 23.2 18.7 1.577 23.2 18.7
2 1.43 23.2 18.7 1.578 23.2 18.7
3 1.48 23.2 18.7 1.577 23.2 18.7
4 1.45 23.2 18.7 1.577 23.2 18.7
5 1.44 23.2 18.7 1.511 23.2 18.7
6 1.49 23.2 18.7 1.584 23.2 18.7
Turquoise
Test VL T H IR T H
1 1.60 22.8 21.9 1.413 22.9 21.9
2 1.61 22.8 21.9 1.474 22.9 21.9
3 1.60 22.9 21.9 1.401 22.9 21.9
4 1.59 22.8 21.9 1.416 22.9 21.9
5 1.60 22.8 21.9 1.464 22.9 21.9
6 1.60 22.9 21.9 1.441 23.0 22.0
Unknown
Test VL T H IR T H
1 1.55 23.2 18.7 1.425 23.2 18.7
2 1.58 23.2 18.7 1.492 23.2 18.7
3 1.58 23.2 18.7 1.489 23.2 18.7
4 1.55 23.2 18.7 1.425 23.2 18.7
5 1.55 23.2 18.7 1.488 23.2 18.7
6 1.57 23.2 18.7 1.485 23.2 18.7
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Unknown
Test VL T H IR T H
1 No value 22.6 21.9 1.258 22.6 21.9
2 1.77 22.6 21.9 1.258 22.6 21.9
3 1.77 22.6 21.9 1.254 22.7 21.9
4 No value 22.6 21.9 1.257 22.7 21.9
5 1.77 22.6 21.9 1.258 22.6 21.9
6 1.77 22.6 21.9 1.258 22.6 21.9
Whitby jet
Test VL T H IR T H
1 1.61 22.6 21.9 1.592 22.7 21.9
2 1.62 22.7 21.9 1.596 22.7 21.9
3 1.61 22.7 21.9 1.587 22.7 21.9
4 1.61 22.6 21.9 1.592 22.7 21.9
5 1.62 22.7 21.9 1.591 22.7 21.9
6 1.61 22.7 21.9 1.553 22.7 21.9
Tests in 25-28°C
Alexandrite
Test VL T H IR T H
1 1.74 26.4 30.9 1.678 26.8 29.9
2 1.74 26.6 30.9 1.684 26.8 29.9
3 1.74 26.7 30.4 1.734 26.9 29.9
4 1.74 26.4 30.9 1.729 26.8 29.9
5 1.77 26.6 30.9 1.725 26.8 29.9
6 1.77 26.7 30.9 1.733 26.8 29.9
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Amethyst
Test VL T H IR T H
1 1.54 26.7 28.8 1.557 26.7 28.8
2 1.54 26.8 28.8 1.554 26.8 28.8
3 1.54 26.8 28.8 1.571 26.8 28.2
4 1.55 26.7 28.8 1.579 26.8 28.2
5 1.55 26.8 28.8 1.572 26.8 28.2
6 1.55 26.8 28.8 1.570 26.8 28.2
Ametrine
Test VL T H IR T H
1 1.54 26.8 28.2 1.415 26.3 28.3
2 1.54 26.5 27.7 1.550 26.3 28.7
3 1.54 26.4 28.2 1.558 26.3 28.7
4 1.55 26.8 28.2 1.562 26.3 28.7
5 1.55 26.5 27.7 1.562 26.3 28.7
6 1.55 26.4 28.2 1.561 26.2 28.7
Aquamarine
Test VL T H IR T H
1 1.57 26.8 28.8 1.593 27.0 28.8
2 1.57 26.8 28.8 1.594 26.7 28.8
3 1.57 26.9 28.8 1.604 26.0 29.8
4 1.58 26.8 28.8 1.594 26.9 28.8
5 1.58 26.8 28.8 1.524 26.2 29.3
6 1.58 26.9 28.8 1.607 26.0 28.8
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Black Onyx
Test VL T H IR T H
1 1.53 26.1 27.6 1.471 26.2 27.6
2 1.53 26.2 27.6 1.470 26.3 27.7
3 1.53 26.2 27.6 1.471 26.3 27.7
4 1.54 26.1 27.6 1.473 26.2 27.6
5 1.54 26.2 27.6 1.480 26.3 27.7
6 1.54 26.2 27.6 1.471 26.3 27.7
Bloodstone
Test VL T H IR T H
1 1.53 26.4 29.3 1.557 26.6 28.8
2 1.53 26.5 28.8 1.559 26.6 28.8
3 1.53 26.5 28.8 1.542 26.7 28.8
4 1.53 26.4 29.3 1.564 26.6 28.8
5 1.53 26.5 29.3 1.559 26.6 28.8
6 1.53 26.5 28.8 1.560 26.7 28.8
Glass (”lab sapphire”)
Test VL T H IR T H
1 1.58 26.5 28.8 1.515 26.6 28.8
2 1.58 26.6 28.8 1.489 26.6 28.8
3 1.58 26.6 28.8 1.503 26.6 28.8
4 1.58 26.5 28.8 1.505 26.6 28.8
5 1.58 26.6 28.8 1.511 26.6 28.8
6 1.58 26.6 28.8 1.512 26.7 28.8
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Iolite
Test VL T H IR T H
1 1.54 26.4 32.5 1.539 26.5 30.9
2 1.54 26.4 32.0 1.537 26.5 30.9
3 1.54 26.5 32.0 1.541 26.6 30.4
4 1.55 26.4 32.5 1.538 26.5 30.9
5 1.55 26.4 32.0 1.540 26.6 30.9
6 1.55 26.5 32.0 1.540 26.6 30.4
Morganite
Test VL T H IR T H
1 1.58 26.7 28.2 1.596 26.7 26.8
2 1.58 26.7 28.2 1.604 26.7 26.8
3 1.58 26.6 28.8 1.601 26.7 26.8
4 1.59 26.7 28.2 1.596 26.7 26.8
5 1.59 26.7 28.2 1.601 26.7 26.8
6 1.59 26.6 28.8 1.590 26.7 26.8
Pearl
Test VL T H IR T H
1 1.77 26.2 28.7 1.830 26.5 27.7
2 1.77 26.3 28.7 1.850 26.6 27.7
3 1.77 26.4 28.2 1.865 26.7 27.7
4 1.77 26.2 28.7 2.003 26.6 27.7
5 1.77 26.3 28.7 1.675 26.7 27.7
6 1.77 26.4 28.2 1.721 26.8 27.7
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Prasiolite
Test VL T H IR T H
1 1.54 26.6 27.7 1.547 26.9 26.6
2 1.54 26.8 26.6 1.550 26.8 26.6
3 1.54 27.0 26.6 1.541 26.6 26.6
4 1.55 26.6 27.7 1.544 26.8 26.6
5 1.55 26.8 26.6 1.550 26.8 26.6
6 1.55 27.0 26.6 1.545 26.8 26.6
Tourmaline
Test VL T H IR T H
1 1.62 27.0 29.9 1.660 26.3 30.9
2 1.62 27.0 29.9 1.670 26.4 30.9
3 1.62 27.0 29.9 1.670 26.6 30.9
4 1.64 27.0 29.9 1.663 26.3 30.9
5 1.64 27.0 29.9 1.671 26.5 30.9
6 1.64 27.0 29.9 1.654 26.6 30.9
Turquoise
Test VL T H IR T H
1 No value 26.2 27.1 1.458 26.4 27.7
2 No value 26.2 27.1 1.477 26.3 27.1
3 No value 26.4 27.7 1.464 26.3 27.1
4 No value 26.2 27.1 1.413 26.4 27.7
5 No value 26.2 27.1 1.468 26.3 27.7
6 No value 26.4 27.7 1.472 26.3 27.7
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Unknown
Test VL T H IR T H
1 1.58 26.4 30.4 1.479 26.4 29.8
2 1.55 26.6 29.8 1.499 26.4 29.8
3 1.57 26.5 29.8 1.502 26.4 29.8
4 1.58 26.4 30.4 1.490 26.4 29.8
5 1.58 26.6 29.8 1.495 26.4 29.8
6 1.57 26.6 29.8 1.494 26.4 29.8
Tested at 30-35°C
Alexandrite
Test VL T H IR T H
1 1.75 31.4 28.1 1.679 32.1 27.0
2 1.74 32.2 25.5 1.692 33.2 24.9
3 1.74 32.4 25.9 1.669 33.3 24.9
4 1.75 31.4 28.1 1.697 32.5 26.5
5 1.75 32.2 25.5 1.691 33.4 24.9
6 1.75 32.4 25.9 1.701 33.3 24.9
Amethyst
Test VL T H IR T H
1 1.54 32.0 21.5 1.547 31.1 22.5
2 1.54 31.2 22.5 1.558 31.8 21.4
3 1.54 30.9 22.5 1.561 32.3 21.5
4 1.55 32.0 21.5 1.558 31.4 22.0
5 1.55 31.2 22.5 1.558 32.0 21.5
6 1.55 30.9 22.5 1.565 33.6 19.9
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Ametrine
Test VL T H IR T H
1 1.54 32.9 19.8 1.553 32.6 20.4
2 1.54 32.3 20.4 1.552 33.7 19.3
3 1.54 32.2 20.3 1.549 33.8 19.3
4 1.55 32.9 19.8 1.550 33.2 19.3
5 1.55 32.3 20.4 1.546 33.8 18.2
6 1.55 32.2 20.3 1.552 33.5 19.3
Aquamarine
Test VL T H IR T H
1 1.57 32.1 26.5 1.585 32.2 25.9
2 1.57 31.9 26.4 1.587 31.8 27.0
3 1.58 33.4 24.9 1.588 31.4 27.0
4 1.58 32.1 26.5 1.585 32.0 25.9
5 1.58 31.8 26.4 1.591 31.6 27.0
6 1.58 33.4 24.9 1.584 31.4 27.0
Black onyx
Test VL T H IR T H
1 1.53 34.0 17.1 1.463 34.6 17.1
2 1.53 33.7 17.6 1.459 34.3 17.1
3 1.53 34.6 17.1 1.463 33.6 17.0
4 1.54 34.0 17.1 1.475 34.5 15.9
5 1.54 33.7 17.6 1.457 34.2 17.1
6 1.54 34.6 17.1 1.463 33.6 17.0
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Bloodstone
Test VL T H IR T H
1 1.53 35.0 16.0 1.552 31.3 19.2
2 1.53 31.6 19.2 1.559 31.4 19.2
3 1.55 31.3 20.3 1.552 32.3 19.2
4 1.53 35.0 16.0 1.546 31.3 19.2
5 1.53 31.6 19.2 1.543 31.4 19.2
6 1.55 31.3 20.3 1.552 32.4 19.2
Glass (”lab sapphire”)
Test VL T H IR T H
1 1.58 31.7 19.2 1.492 31.8 19.2
2 1.58 31.8 19.2 1.515 31.8 19.2
3 1.58 31.9 19.2 1.517 31.7 19.2
4 1.58 31.7 19.2 1.512 31.9 19.2
5 1.58 31.8 19.2 1.512 31.8 19.2
6 1.58 31.9 19.2 1.507 31.8 19.2
Iolite
Test VL T H IR T H
1 1.54 32.1 23.6 1.511 30.7 23.6
2 1.53 30.8 23.6 1.530 30.8 23.6
3 1.54 30.7 23.6 1.523 31.1 22.5
4 1.55 32.1 23.6 1.533 30.7 23.6
5 1.54 30.8 23.6 1.528 30.8 23.6
6 1.55 30.7 23.6 1.523 31.4 22.5
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Morganite
Test VL T H IR T H
1 1.58 32.8 18.1 1.570 33.0 18.1
2 1.58 33.0 18.1 1.584 33.3 18.2
3 1.58 33.0 18.1 1.575 33.4 18.0
4 1.59 32.8 18.1 1.572 33.0 18.1
5 1.59 33.0 18.1 1.579 33.3 18.2
6 1.59 33.0 18.1 1.577 33.4 18.2
Pearl
Test VL T H IR T H
1 1.66 31.7 19.2 1.796 31.9 19.2
2 1.66 31.3 19.7 1.605 34.0 18.2
3 1.66 32.0 19.2 1.665 34.9 17.1
4 1.66 31.7 19.2 1.818 32.4 19.2
5 1.66 31.3 19.7 1.544 34.7 17.1
6 1.66 32.0 19.2 1.742 34.6 16.5
Prasiolite
Test VL T H IR T H
1 1.54 31.4 20.3 1.532 32.7 19.3
2 1.54 31.8 20.3 1.536 32.8 18.7
3 1.54 32.1 19.2 1.541 32.4 19.2
4 1.55 31.4 20.3 1.536 32.8 19.3
5 1.55 31.8 20.3 1.537 32.7 19.3
6 1.55 32.1 19.2 1.539 32.5 19.2
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Tourmaline
Test VL T H IR T H
1 1.62 34.2 25.0 1.638 33.9 24.9
2 1.62 34.0 25.0 1.657 33.7 24.8
3 1.62 33.5 25.0 1.657 33.7 24.9
4 1.64 34.2 25.0 1.647 33.9 24.9
5 1.64 34.0 25.0 1.660 34.0 25.0
6 1.64 33.5 25.0 1.658 33.7 24.9
Turquoise
Test VL T H IR T H
1 1.56 32.2 19.2 1.413 32.2 19.2
2 1.62 31.8 19.8 1.332 32.1 19.2
3 1.61 31.8 19.2 1.407 32.6 19.2
4 1.56 32.2 19.2 1.443 32.2 19.2
5 1.62 31.8 19.8 1.418 32.2 19.2
6 1.61 31.8 19.2 1.411 32.8 18.7
Unknown
Test VL T H IR T H
1 1.57 34.6 18.2 1.455 33.2 18.2
2 1.56 32.6 19.2 1.488 32.2 18.7
3 1.55 32.8 18.1 1.489 32.0 18.6
4 1.57 34.6 18.2 1.475 32.4 19.2
5 1.56 32.6 19.2 1.486 32.2 19.2
6 1.55 32.8 18.1 1.489 31.9 19.2
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Appendix C
Results sheet for the tests on gemstones faceted in different ways. Tests 1, 2 and 3 are with the stones in 
one direction, and test 4, 5 and 6 are after turning the stone 90°. T = Temperature, H = Humidity, VL = The 
values obtained with the standard refractometer, IR = The values obtained with the first generation 
infrared refractometer.
Amethyst
Octagon 1
Tests VL T H IR T H
1 1.54 22.4 54.7 1.557 22.7 54.2
2 1.54 22.5 54.2 1.569 22.8 53.8
3 1.54 22.6 54.2 1.573 22.8 53.3
4 1.55 22.4 54.7 1.569 22.7 54.2
5 1.55 22.5 54.2 1.573 22.8 53.8
6 1.55 22.6 54.2 1.571 22.8 53.3
Octagon 2
Tests VL T H IR T H
1 1.54 22.9 53.3 1.559 22.9 53.3
2 1.54 23.0 53.3 1.562 23.0 53.3
3 1.54 22.9 53.3 1.567 23.0 53.3
4 1.55 22.9 53.3 1.569 23.0 53.3
5 1.55 23.0 53.3 1.563 23.0 53.3
6 1.55 22.9 53.3 1.563 23.0 53.3
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Oval 1
Tests VL T H IR T H
1 1.54 22.5 37.9 1.550 22.6 38.0
2 1.54 22.5 37.9 1.647 22.6 38.0
3 1.54 22.5 37.9 1.533 22.6 38.0
4 1.54 22.5 37.9 1.553 22.6 38.0
5 1.54 22.5 37.9 1.552 22.6 38.0
6 1.54 22.5 37.9 1.548 22.6 38.0
Oval 2
Tests VL T H IR T H
1 1.54 22.6 39.0 1.557 22.6 39.0
2 1.54 22.6 39.0 1.562 22.6 39.0
3 1.54 22.6 39.0 1.567 22.7 39.0
4 1.55 22.6 39.0 1.550 22.6 39.0
5 1.55 22.6 39.0 1.557 22.6 39.0
6 1.55 22.6 39.0 1.559 22.6 39.0
Pear 1
Tests VL T H IR T H
1 1.54 22.7 39.0 1.532 22.8 39.0
2 1.54 22.7 39.0 1.528 22.7 39.0
3 1.54 22.7 39.0 1.533 22.7 39.5
4 1.54 22.7 39.0 1.532 22.8 39.0
5 1.54 22.7 39.0 1.534 22.7 39.0
6 1.54 22.7 39.0 1.533 22.7 39.5
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Pear 2
Tests VL T H IR T H
1 1.54 22.8 39.5 1.543 22.9 40.1
2 1.54 22.8 39.5 1.545 22.9 40.1
3 1.54 22.8 39.5 1.545 22.9 40.1
4 1.55 22.8 39.5 1.543 22.9 40.1
5 1.54 22.8 39.5 1.548 22.9 40.1
6 1.55 22.8 39.5 1.542 22.9 40.1
Princess
Tests VL T H IR T H
1 1.54 23.0 53.8 1.530 23.0 53.8
2 1.54 23.0 54.3 1.523 23.1 54.3
3 1.54 23.0 54.8 1.541 23.1 54.3
4 1.55 23.0 53.8 1.543 23.0 54.3
5 1.54 23.0 54.3 1.527 23.1 54.3
6 1.54 23.0 54.8 1.537 23.1 54.3
Square
Tests VL T H IR T H
1 1.54 22.9 40.6 1.543 23.0 40.6
2 1.54 22.9 40.6 1.539 23.0 40.6
3 1.54 23.0 40.6 1.534 23.0 40.6
4 1.54 22.9 40.6 1.542 23.0 40.6
5 1.55 22.9 40.6 1.538 23.0 40.6
6 1.55 23.0 40.6 1.536 23.0 40.6
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Sapphire
Oval
Tests VL T H IR T H
1 1.76 23.3 54.8 1.722 23.4 54.8
2 1.76 23.3 54.8 1.720 23.4 54.3
3 1.76 23.3 54.8 1.617 23.3 54.8
4 1.76 23.3 54.8 1.740 23.4 54.8
5 1.76 23.3 54.8 1.736 23.4 54.8
6 1.77 23.3 54.8 1.720 23.4 54.3
Pear 1
Tests VL T H IR T H
1 1.76 23.4 54.8 1.737 23.4 54.3
2 1.76 23.4 54.3 1.756 23.4 54.3
3 1.76 23.4 54.8 1.762 23.4 54.3
4 1.76 23.4 54.8 1.742 23.4 54.3
5 1.77 23.4 54.3 1.762 23.4 54.3
6 1.77 23.4 54.8 1.760 23.4 54.3
Pear 2
Tests VL T H IR T H
1 1.75 22.9 56.3 1.766 23.2 55.8
2 1.76 23.0 55.8 1.760 23.2 55.3
3 1.76 23.2 55.8 1.706 23.2 55.3
4 1.76 22.9 56.3 1.764 23.2 55.8
5 1.77 23.0 55.8 1.751 23.2 55.3
6 1.77 23.2 55.8 1.742 23.3 55.3
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Round
Tests VL T H IR T H
1 1.76 23.0 56.3 1.760 23.2 55.3
2 1.76 23.2 55.3 1.761 23.2 55.3
3 1.76 23.2 55.3 1.761 23.2 54.8
4 1.77 23.0 56.3 1.759 23.2 55.3
5 1.77 23.2 55.3 1.764 23.2 55.3
6 1.77 23.2 55.3 1.766 23.2 54.8
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